The secretory acinar cells of parotid glands from rats of varying ages have been examined by electron microscopy to determine what agerelated changes occur in these cells. The most prominent change noted in these cells is the progressive increase in the amount of lipofuscin granules with age. Lipofuscin granules are membrane-bound structures consisting of lipids, other subcomponents, and a matrix. In addition, these cells contain lipid droplets that are not associated with any other components and tend to accumulate at the base of the cells in older rats. Also, many acinar cells in the glands of old rats contain altered secretory granules which appear to be in the process of degeneration. The accumulation of lipid and degenerating secretory granules appears to be related to the reduced level of cellular secretory activity in the glands of older rats. It is possible that these two types of inclusions contribute to the formation of lipofuscin granules. Lipofuscin and degenerating secretory granules are associated with acid phosphatase, which is demonstrated cytochemically, indicating that these granules are lysosomal structures.
Salivary glands, like many other organs, undergo changes in structure and function with age. It has been reported that reductions occur in the amylase content in saliva (Meyer et al., 1937; Meyer and Necheles, 1940; Chilla et al., 1974) , as well as the secretion and the rate of flow of saliva (Bertram, 1967) . We have shown previously that the rate of protein synthesis declines with age in rat parotid glands 1980, Kim, 19811 , and that this decline reflects the reduction in the synthesis of secretory proteins (Kim et al., 1982; Kim and Calkins, 1983) . These age-related changes that affect the salivary content and the synthesis of protein suggest that alterations occur in the structural elements of the secretory acinar cells of the gland. Age-related changes described in human salivary glands at the light microscope level include the accumulations of fibrous and fatty tissues, a gradual replacement of the parenchyma by these stromal tissues (Hamperl, 1931; Andrew, 1952; Waterhouse et aI., 19731 , the increase in ductal volume (Hamperl, 1931; Scott, 1977a,b) , lymphocytic infiltration (Hamperl, 1931) , and the occurrence of oncocytes (Hamperl, 1931 (Hamperl, , 1933 . Similar changes have been also noted in salivary glands of animals. Andrew (1949) has described fatty degeneration of parenchymal tissues, the occurrence of oncocytes and lymphocytic infiltration in parotid glands of the rat. However, it remains uncertain what changes occur in secretory acinar cells of the salivary gland.
In this study, acinar cells of the rat parotid gland were examined by electron microscopy and ultrastructural cytochemistry to determine what changes occur in the cellular organelles during aging. One of the most notable changes which occurs in these cells in relation to aging is the increase in the number of lipofuscin granules, as appears to be the case in rat submandibular glands (Bogart, 1970) . Also, there are lipid droplets that tend to form aggregates at the base of the cells in old rats. Occasionally, these lipid droplets and lipofuscin granules form large masses that fill much of the cytoplasm. In addition, many acinar cells, especially those of old rats, contain degenerating secretory granules that may result from the reduced level of cellular secretory activity.
MATERIALS AND METHODS

Animals
Male, Sprague-Dawley rats of 2, 12, 18,24, 30, and 36 months of age were used for this study. These rats were obtained from an aging colony maintained at Charles River Breeding Laboratories in Portage, Michigan. The rats were kept from food the night before they were sacrificed.
Methods
The rats were perfused through the heart with a mixture of 1% paraformaldehyde and 1.5% glutaralheyde buffered with 0.1 M SOdium cacodylate to pH 7.4. The parotid glands were removed, sliced into smaller pieces, and further fixed in the same fixative for another hour. The tissues were postfixed in Os04, and prepared for electron microscopy as previously described (Kim et al., 1980; Kim, 1981) .
For a cytochemical demonstration of acid phosphatase, aldehyde-fixed tissues were further sliced with a scalpel blade and rinsed overnight in buffer. Tissue slices were incubated in a medium containing cytidine monophosphate (Sigma) as substrate for 45 minutes (Novikoff et al., 1971) . Control incubation was done in the absence of substrate. After incubation, tissues were processed as above for electron microscopy. Thin sections of incubated tissues were viewed in the electron microscope after staining briefly with uranyl acetate.
To estimate the relative volumes of lipid and lipofuscin granules in the acinar cells and the proportion of acinar cells with degenerating secretory granules at various ages, point counting was done using electron micrographs of selected cells (Weibel and Bolender, 1973; Bolender, 1974) . These cells were randomly selected and photographed in sections of 3 Epon-embedded blocks of parotid glands from three rats per age group. For point counting, only those cells which revealed a nucleus and bordered a secretory lumen were selected. A square lattice system of 1 cm2, drawn on a celluloid sheet, was placed over the micrographs and test points over lipid-lipofuscin, or secretory granules, were counted. Volume densities were obtained by using the formula VVi = Pi/Pt, where Pi represents the number of test points over particular granules of interest and F' t represents the total number of test points over the cell.
OBSERVATIONS
One difference that is pronounced at the light microscope level in the parotid glands of progressively older rats is the increasing amount of fat in the connective tissue stroma. As we have described previously (Kim et al., 1980; Kim, 1981) , fat, which is first detected in the glands of 12-month-old rats, increases in amounts with age. However, the age-related differences that involve the secretory acini are less obvious at this level.
The overall appearances of the secretory acinar cells at the electron microscope level are not significantly different among the age groups. The nucleus and parallel arrays of endoplasmic reticulum occupy the basal portion in the acinar cells of all age groups, while secretory granules, as well as other cytoplasmic organelles, fill much of the remainder of the cytoplasmic space (Figs. 1-3). These cells are arranged around a secretory lumen (Figs. 1-3) and form an acinus. No unusual feature attributable to age differences has been noted in any of the organelles of these cells with the exception of those described below.
Many parotid acinar cells of 12-month-old and older rats possess lipid-containing structures, which were previously described as lipofuscin or lipofuscin pigment granules. At 12 months, a few of these granules are present in some acinar cells (Fig. 1) . However, the number of cells containing lipofuscin granules, as well as the number of these granules in each cell, increases in the older age groups (Table 1; Figs. 2, 3) . In the acinar cells of 36-month-old rats, lipofuscin granules occupy about 2% of the cell volume (Ta- shows, the acinar cells a t this age typically contain lipofuscin granules (LO and lipid granules (Lp) which tend ble 1). In some acinar cells of these old rats, lipofuscin granules are not only numerous, but they tend to aggregate and form large masses (Figs. 2, 7) .
Lipofuscin granules are membrane-bound structures consisting of subcomponents of lipids, electron dense granular materials and a matrix (Fig. 4) . Lipofuscin granules are generally scattered in the cytoplasm but have not been observed in the nucleus. Occasionto cluster at the base of the cell near the nucleus. Secretory granules and other organelles present in this cell do not reveal any unusual appearances. The lumen (Lu) of the acinus is also shown. X9.500.
ally, these granules are located in close proximity to the Golgi complex, especially within the trans aspect of the organelle (Fig. 5) . Acid phosphatase is detected in association with these granules as evidenced by the presence of reaction products in the granulated structures and in the matrix (Fig. 6a) . The reaction products for acid phosphatase activity are also present in other lysosomal structures and in the Golgi complex. In the latter organelle, deposits of reaction products occur in the inner cisternal and condensing vacuoles (Fig. 6b) . In addition to the lipofuscin granules, the acinar cells also contain lipid droplets that are not associated with any other components. These lipid droplets tend to aggregate at the base of the nucleus in older rats, although they also occur singly (Fig. 3) . Thus, many acinar cells in old rats contain both lipofuscin granules and lipid droplets (Fig.  3) . However, similar lipid droplets are also found in substantial numbers in the acinar cells of the glands in 2-month-old rats (Table  1) . In these young rats, lipid droplets are scattered in the cytoplasm and do not form clusters near the nucleus. Some acinar cells of 30-and 36-month-old rats reveal a large lipid droplet which occupies much of the cytoplasm. (Fig. 8) . However, these cells with large lipid droplets or a mass of lipofuscin granules (Fig. 7) in their cytoplasm are not detected in all rats of these ages.
The third change that seems to be related to age differences involves the secretory granules. Many acinar cells of 12-month-old and older rats (Table 2) possess membranebound structures that are the same size or somewhat larger than the homogeneously dense secretory granules (Fig. 9) . These membrane-bound structures consist of clumps of dense material scattered in a matrix that is less dense than that of the secretory granules. The acinar cells with these membrane-bound bodies, which appear to be altered secretory granules, are not frequently encountered in the glands of 2-month-old rats. However, these cells with altered granules increase in number in 12-month-old and older rats, and are especially numerous in 36-month-old rats. (Table 2, Fig.  9 ). These altered granules also reveal acid phosphatase activity and appear to be the secretory granules in the process of degeneration; deposits of reaction products occur in the matrix of these granules (Fig. 9, inset ).
DISCUSSION
The amount of fat seems to increase with age in parotid glands of the rats observed in this study, as has been reported previously in other salivary glands (Hamperl, 1931; Andrew, 1952; Waterhouse et al., 1973) . Some other age-related changes, such as the occurrence of oncocytes (Hamperl, 1931 (Hamperl, , 1933 or the elevated level of lymphocytic infiltration (Hamperl, 19311 , have not been detected in this study. Also, it is not very obvious whether or not the relative volumes of the ducts change with age as reported previously (Hamperl, 1931; Scott, 1977a, b) .
The most noticeable change that occurs in the acinar cells of the rat parotid gland during aging is the accumulation of lipofuscin pigment granules. Although lipofuscin pigments have been found in some cells of young tissues (Essner and Novikoff, 1960; Frank and Christensen, 1968; Goldfischer and Bernstein, 1969) , the presence of these pigment granules is one of the most consistent features observed in widely different types of tissues from aged animals (Strehler et al., 1959; Reichel, 1968) . In parotid glands, lipofuscin granules are found only rarely in the acinar cells of 2-month-old rats, but increase in number with age. Similar granules are present also in submandibular glands of old rats (Bogart, 1970) .
Lipofuscin granules of the rat parotid gland are similar in structure to those that occur in cells of other tissues and are associated with acid phosphatase, as in the liver (Essner and Novikoff, 19611, mammary gland (Miyawaki, 1965) , neurons (Brunk and Ericsson, 1972) , and interstitial cells of the testis (Frank and Christensen, 1968) . Since acid 24-month-old rats incubated to localize the sites of acid phosphatase activity. a) Deposits of reaction products occur in the granulated subcomponents and the matrix of the lipofuscin granule, as well as in adjacent lysosomes (Ly). b) The reaction products of the enzyme activity are also localized in the innermost cistern (Gc) and condensing vacuoles (Cv) of the Golgi complex. In addition, lysosomes (Ly) in this micrograph also show the enzyme activity. x 18,000. phosphatase activity is also detected in other lysosomal structures of the rat parotid acinar cells, lipofuscin granules are probably a type of lysosomal structure, or represent the residue of the lysosomal digestion products (Brunk and Ericsson, 1972) .
According to Pearse (1960) , lipofuscin granules result from the oxidation of lipids, and the pigmentation rises with the progress of oxidation. However, the origin of lipid and other subcomponents of the lipofuscin granules remains uncertain. The transformation of mitochondria (Duncan et al., 1960; Hess 1955) and Golgi complexes (Bondareff, 1957; Gatenby and Moussa, 1950; Gatenby, 1953) to lipofuscin granules has been suggested, but there is no strong evidence in support of these suggestions. The close spatial relationship shown by the lipofuscin granules and the Golgi complexes in rat parotid glands, together with the presence of acid phosphatase activity in both of these structures, can suggest that the Golgi complex plays a role in the formation of lipofuscin granules. Deposits of reaction products for acid phosphatase occur in the inner cisternae and condensing vacuoles of the Golgi complex, as has been described previously (Hand, 1972) . These elements with acid phosphatase activity are comparable to those described as GERL (Novikoff et al., 1971) . It is unknown whether these Golgi elements are directly involved in the formation of lipofuscin granules.
Parotid acinar cells of the rat possess lipid droplets and degenerating secretory granules. It is possible that these two inclusions contribute to the formaton of lipofuscin granules. The origin of these lipid droplets is also uncertain. The fact that these lipid droplets are as numerous in young glands as in older glands may indicate that the presence of this lipid is related to the cellular metabolic activity rather than to aging. Similar lipid droplets are found in the acinar cells of the parotid gland in rats following the stimulated secretion of stored secretory granules (Simpson, 1972; Lillie and Han, 1973; our unpublished observation) and after a period of starvation (Hand, 1972) .
The accumulation of lipid droplets in parotid acinar cells in old rats may be related to the reduced level of cellular secretory acacinar cells which possess altered degenerating secretory granules supports the suggestion that the cellular secretory activity is reduced in glands of old rats. Degenerating secretory granules of similar appearance have been observed in parotid acinar cells following the starvation of rats for about a day (Hand, 1972) and following a chronic treatment with reserpine (Sepster et al., 1979) . In these starved rats, the altered secretory granules are associated with acid phosphatase, indicating that lysosomes are involved in the destruction of "old' secretory granules (Hand, 1972) . It is also possible that these droplets are rapidly broken down and reutilized in young rats, or excreted out of the cells, whereas in older rats these processes are much slower, resulting in the accumulation of lipids in the form of single granules or lipofuscin granules. In fact, it has been suggested that the accumulation of lipofuscin bodies is due to the inability of cells to rid of the residues of lysosomal digestion products by exocytosis (Brunk and Ericsson, 1972) .
The amount of lipofuscin granules increases progressively with age in rat parotid glands. However, even in the glands of 36-month-old rats, these granules occupy only 2% of the total cell volume, with the exception of a few cells which become filled with the pigment granules. Similar volume fractions of lipofuscin granules have been reported in neurons of the supraoptic ganglion of the aging mouse (Davies and Fotheringham, 1981) . Therefore, it is unlikely that the increasing number of lipofuscin granules affects the cell function by replacing other cytoplasmic organelles. For example, the rate of protein synthesis in rat parotid glands declines by about 50% between the ages of 2 and 30 months (Kim et al., 1980) . Thus, it seems unlikely that the mere presence of lipofuscin granules affects protein synthesis to this degree. tivity, as has been suggested to be the-case uid diet (Wilborn and Schneyer, 1970; Hand, 30 67 18 27 during atrophy of the gland caused by a liq-_.
. . One likely explanation for the decline in protein synthesis in this gland during aging is the positive-feedback type of inhibition by secretory proteins that accumulate in the acinar cells of the older rats, presumably as a result of the reduced level of digestive activity related to aging. The increase in the number of acinar cells with degenerating secretory granules in the older rats supports the theory that secretory proteins are stored for prolonged periods of time in the older age groups. On the other hand, it is possible that age-related reductions in protein synthesis in other secretory functions involve quantitative alterations in the organelles that are concerned with these processes. In fact, it has been reported that the amount of rough-surfaced endoplasmic reticulum is reduced in submandibular acinar cells of aged rats (Bogart, 1970) . We are in the process of analyzing the relative volumes of various cellular organelles in parotid acinar cells in rats of different ages.
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